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INTRODUCTION
In 1975, the City of Portland Water Bureau (PWB) began a program to study the development of ground water as an alternative to surface water from the Bull Run watershed (Willis, 1977) . After drilling and testing several exploratory wells, PWB proposed development of a well field along the south shore of the Columbia River in eastern Multnomah County ( fig. 1) . A final design capacity of 100 million gallons per day is projected for the completed well field. In 1987, 19 production wells had been completed, as well as more than 50 test, piezometer, and exploratory wells.
The PWB drilling program generated new geologic and hydrologic data that made possible the description of eight distinct hydrogeologic units within sediments of the Portland Basin. The U.S. Geological Survey, in cooperation with the City of Portland Water Bureau, began a study to map these eight units.
Purpose and Scope
The purpose of this report is to describe the lithology, thickness, and extent of a portion of the hydrogeologic system underlying the East Portland area. Knowledge of the hydrogeologic characteristics of the system and their relation to the regional geologic setting will strengthen the understanding of how ground water flows through the system. Mapping of the thickness and extent of the aquifers will provide input for a ground-water flow model of the Portland Basin. The study area includes approximately 35 square miles of eastern Multnomah County in northwestern Oregon. The contour maps center around the Portland well field area on the south shore of the Columbia River. The Columbia River forms the northern boundary of the study area. On the east, south and west, the study area is roughly bounded by N.E. 238th Avenue, S.E. Stark Street (Willamette Baseline), and N.E. 39th Avenue ( fig. 1 ). The study boundary encloses all wells drilled by the PWB as of 1987.
Method of Investigation
Interpretation of geologic logs, natural gamma logs, aquifer test data, and selected driller reports was made to determine the altitude of the top of each unit and its thickness. These data are available in the Portland Office of the U.S. Geological Survey.
Wells drilled for the PWB and some other well owners in the study area have been field located by the U.S. Geological Survey. Wells that have not been field located are located to the nearest 40-acre quarter-quarter section as reported in drillers reports, maps, surveys provided by the well owner, or in maps published in previous reports (Foxworthy and others, 1964; Hogenson and Foxworthy, 1965; Willis, 1977 and 1978) . Wells used in this study are plotted on a base map at 1:24,000 (sheet 1) and are also referenced in table 1. The altitude of land surface at the well head has either been surveyed or estimated from topographic maps (contour interval, 10 feet).
Well Designations
Designations of wells mentioned in this report are based on the official system for rectangular subdivision of public lands, referenced to the Willamette Base Line and Meridian. The well number indicates the location of the well by township, range, section, and the position of the well within the section ( fig. 2 ). The first numeral indicates the township; the second, the range; the third, the section in which the well is located.
The letters following the section number locate the well within the section. The first letter denotes the quarter section (160 acres); the second, the quarterquarter section (40 acres); the third, the quarter-quarter-quarter section (10 acres); and the fourth, the quarter-quarter-quarter-quarter section (2.5 acres). A number following the letters indicates one or more wells in the same subdivision. For example, well number 1N/2E-29DABD1 is in the SE 1/4, NW 1/4, NE 1/4, SE 1/4, Sec. 29, T.I N., R.2 E. and is one well drilled in this subdivision.
On the well-location map (sheet 1), the section number and a two-or four-letter section subdivision and sequence number are shown adjacent to the well symbol. The township and range grid on sheet 1 follows surveyed township, range, and section lines where possible with a solid line; the line is dashed where inferred.
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Figure 2.--Well-numbering system.
Many studies have contributed to our current understanding of the volcanic and sedimentary processes that have taken place in this region. A generalized stratigraphy of the area, as modified from the work of others (see references) and from data collected in this investigation, is summarized in figure 3 . The surface geology in the study area is shown on sheet 1 (modified after Trimble, 1963) , along with a diagrammatic section of the relations of the various units described in this study.
The reader is referred to the list of selected references for a more detailed discussion of the geologic history and stratigraphy of the area.
Older Rocks
Older sedimentary and volcanic rocks underlie the sedimentary hydrogeologic system described in this report and are exposed outside the study area. The older rock sequences include the Skamania Volcanics, Columbia River Basalt Group, and Rhododendron Formation. These formations range from late Eocene to late Miocene in age ( fig. 3) .
Deformation of these older rocks created a broad structural basin referred to informally as the Portland Basin (Beeson and others, 1985) . This basin is bounded, in general, by the Tualatin Mountains to the west and the Cascade Range to the east (Trimble, 1963) . The northern and southern limits of the basin are not as clearly defined. Data from deep wells indicate that the thickness of sedimentary deposits in the Portland Basin may exceed 1,300 feet. However, the shape of the basin and the thickness and extent of the older rocks are unknown. Modified from Tolan and Beeson(1984, 1985) ; Swanson (1986) , including interpretations of Trimble (1963) ; Wise (1970) ; Waters (1973) ; Hammond (1979 Hammond ( , 1980 ; Anderson (1980) ; Priest and others (1982) .
Skamania Volcanics are exposed northeast of the study area along the south shore of Lady Island and along the north shore of the Columbia River (Trimble, 1963) . The formation may underlie the northeast portion of the study area at depths below existing wells. Rocks of generally low permeability may form part of a hydrogeologic boundary for the aquifer system described in this report.
Flows of the Columbia River Basalt Group underlie the study area, but their thickness and extent are not well defined due to a lack of deep wells in the area. The Columbia River Basalt Group is interpreted to be present at a depth of 683 feet below sea level in a well (1N/3E-27CBBB1) in the eastern part of the study area (Hogenson and Foxworthy, 1965) . On the southwestern edge of the study area, Piper (1942) indicated that at least 400 feet of the Columbia River Basalt Group underlies 1,300 feet of sediments in the Ladd well (IN/IE-36ADCD1). The top of the Columbia River Basalt Group at that well is at an altitude of 1,082 feet below sea level. More than 1,100 feet of sediment younger than the Columbia River Basalt Group was logged in a well (1N/3E-20CBDC1) in the north-central part of the study area (Willis, 1977; Hoffstetter, 1984) . The altitude of the bottom of the well is 1,080 feet below sea level.
Flow units of the Columbia River Basalt Group have not been utilized as aquifers within the study area because of their depth within the basin. Elsewhere, at the margins of the basin, flow units of the Columbia River Basalt Group are used as aquifers.
The Rhododendron Formation is exposed southeast of the study area in the Sandy River and Bull Run River. This formation may or may not underlie the aquifer system described in this report. Lahars present within the lower Troutdale Formation to the east of the study area have been correlated with rocks of the Rhododendron Formation (Tolan and Beeson, 1984a) .
Sandy River Mudstone and Troutdale Formation
The most areally extensive hydrogeologic units in the study area occur within the Sandy River Mudstone and the Troutdale Formation. Claystone, siltstone, and sandstone beds of the Sandy River Mudstone and sandstone and conglomerate beds of the Troutdale Formation overlie flows of the Columbia River Basalt Group in the Portland Basin (Trimble, 1963) . These sediments represent a large thickness of lacustrine and fluvial material, derived from sources to the east of the study area and deposited within an active structural basin (Trimble, 1963; Beeson and others, 1985) . The Troutdale Formation and the Sandy River Mudstone range in age from late Miocene to Pliocene (fig. 3) .
Two facies of the Troutdale Formation have been described by Tolan and Beeson (1984a) . The ancestral Columbia River facies is composed chiefly of fluvial conglomerates containing foreign clasts such as quartzite and granite deposited by the Columbia River. Locally derived clasts deposited by Cascadian streams form what is termed the Cascadian stream facies. The distribution of these two facies of the Troutdale Formation is shown in figure 4 .
The ancestral Columbia River facies of the Troutdale Formation has been subdivided into two distinct lithologic members, based on the onset of highalumina basalt volcanism in the lower Columbia River Gorge area (Tolan and Beeson, 1984a) . The lower member is described as primarily quartzitebearing, basaltic conglomerates and micaceous, arkosic sand. The upper member is characterized by the presence of basaltic glass and clasts of high-alumina basalt composition (Tolan and Beeson, 1984a; Swanson, 1986) . This material forms vitric-lithic sandstones and conglomerates.
Comparison of geochemical analyses of drill cuttings from the study area and analyses of outcrop samples from the lower Columbia River Gorge area indicate that the transition between upper and lower members of the ancestral Columbia River facies can be identified in the study area (Swanson, 1986) . This correlation establishes the stratigraphic position of some of the hydrogeologic units described in this report.
Coarse-grained material of the Troutdale Formation generally forms good aquifers within the study area and elsewhere in the region. The Sandy River Mudstone is not generally noted for productive aquifers. However, coarsegrained layers of the Sandy River Mudstone do form aquifers in the study area. Outside the study area, detailed mapping of Troutdale Formation and Sandy River Mudstone is not presently available. Future geologic mapping may allow interpretation of their depositional relations which will provide new information on the extent and thickness location of water-yielding sediments.
Boring Lava
Boring Lava is exposed in the Portland area as numerous volcanic vents, such as Mount Tabor and Rocky Butte ( fig. 1) . High-alumina basalt of the Boring Lava intruded Troutdale Formation and Sandy River Mudstone sediments and was erupted onto an extensively eroded surface of the Troutdale Formation (Trimble, 1963) . These volcanic vents truncate hydrogeologic units in the southwestern part of the study area (sheets 2-4). East of the study area, high-alumina basalt flows are found intercalated with and overlying the upper part of the Troutdale Formation (Williams, 1916; Lowry and Baldwin, 1952; Tolan, 1982; Tolan and Beeson, 1984a) . Boring Lava of the Portland area and volcanic rocks of the High Cascade Range are informally grouped together on the basis of similar age and lithology (Peck and others, 1964) . These rocks are also informally referred to as high-alumina basalt, on the basis of majoroxide analyses (Tolan and Beeson, 1984a) . The age range of these highalumina basalts is late Pliocene to Pleistocene, on the basis of stratigraphic relations and age dating of basalt flows (Tolan, 1982; Tolan and Beeson, 1984a; Wise, 1969; Hammond, 1979) .
Significant amounts of vitric sand (basaltic glass) and basaltic clasts of high-alumina basalt composition (Swanson, 1986) form excellent aquifers within the upper part of the Troutdale Formation in the study area. This material was derived from interaction of high-alumina basalt flows with the ancestral Columbia River in the lower Columbia River Gorge area (Tolan and Beeson, 1984b) .
Ground water in the Boring Lava occurs mainly in perched zones above the regional water table (Hogenson and Foxworthy, 1965) . Wells in these zones have generally small yields. Boring Lava flows were encountered between 23 and 206 feet above sea level in a well (1N/2E-21CCCD1) just west of Rocky Butte (sheet 1). These flow units yielded no ground water.
Quaternary Deposits
The detail of recent geologic events in the Portland area is not thoroughly understood. Regional tectonic uplift, volcanic activity, interglacial changes in sea level, and failure of glacial ice dams (upstream in the Columbia River Drainage system) combined to create many periods of erosion, channel incision, and deposition during Pleistocene time. Flood deposits and terrace deposits of sand, silt, gravel, and clay have accumulated to several hundred feet in thickness in the Portland area. Mudflows and other volcanic debris were deposited from nearby volcanic centers. Weathering and erosion have modified the original surface of these Quaternary deposits.
Pleistocene channel segments, cut by the ancestral Columbia River and filled with sand and gravel deposits, have been identified on the basis of seismic reflection profiling and interpretation of well data (Willis, 1978; MeFarland and others, 1982; Hoffstetter, 1984) .
HYDROGEOLOGIC UNITS
In this report, the sequence of Tertiary and Quaternary sediments is divided into distinct hydrogeologic units (aquifers and confining units) on the basis of their water-bearing properties. An aquifer is defined as a water-bearing layer of rock that will yield a usable quantity of water to a well or spring. Confining units are composed of relatively fine-grained sediments which have distinctly lower permeability than adjacent aquifers. Hydrogeologic units may cross known stratigraphic boundaries where coarse or fine-grained material of two formations are grouped together, forming one aquifer or confining unit. Aquifers and confining units also may occur as local features or may exist as regionally extensive units.
Five hydrogeologic units have been identified in the East Portland study area (Willis, 1977 (Willis, , 1978 Hoffstetter, 1984) ; these units can be correlated with sediments identified as the Troutdale Formation and the underlying Sandy River Mudstone. These hydrogeologic units are informally referred to, from oldest to youngest, as the (1) sand and gravel aquifer, (2) confining unit 2, (3) Troutdale sandstone aquifer, (4) confining unit 1, and (5) unconsolidated gravel/Troutdale gravel aquifer. Only a part of the unconsolidated gravel/Troutdale gravel aquifer unit is correlative with the Troutdale Formation; see description in text. Correlation of informal unit names used in this report with those used by previous workers is shown in figure 5 .
Near the area of the Columbia River floodplain, these units strike generally north-northwest and dip gently (less than 2 degrees) southwest toward the interpreted center of the basin. Complex structure on the north and east margins of the Portland Basin (Davis, 1988; and Swanson, 1986) and extensive erosion in the Blue Lake area combine to create irregular surfaces and thicknesses of the five hydrogeologic units in this area. Units may also be truncated or more steeply dipping in these areas (sheets 2 to 6). A cross section along the south shore of the Columbia River shows some of these features (sheet 1).
Hydrogeologic units included in the Troutdale Formation and Sandy River Mudstone have been exposed to erosion during periods of intermittent deposition and incision of the ancestral Columbia, Sandy, and Clackamas Rivers during Pleistocene and Holocene time (Trimble, 1963) . Two paleochannel segments have been identified on the south shore of the Columbia River (Willis, 1978; McFarland and others, 1982; Hoffstetter, 1984) . The deposits that fill those channel segments form aquifers of limited extent ( fig. 5 ) and are informally referred to as the (1) Blue Lake gravel aquifer and (2) Columbia River sand aquifer.
The Columbia River floodplain is mantled with fine-grained surface deposits, which overlie hydrogeologic units of the study area. These deposits are primarily the result of intermittent flooding of the Columbia River and are informally referred to as overbank deposits in this study (fig. 5) . 
Sand and Gravel Aquifer
The sand and gravel aquifer is the lowermost hydrogeologic unit in the study area and consists of a thick section of sand, silt, gravel, and clay beds. Sand and gravel predominate at the top of the unit, grading to relatively fine-grained material near the bottom. Some lenticular deposits also are present. At depth some coarse-grained material is present, on the basis of well-log data from well 1N/2E-29DABD1 in the southwestern part of the study area. The sand and gravel aquifer underlies the entire study area. This unit may have a maximum thickness in excess of 560 feet, on the basis of lithologic and aquifer-test data in the southeastern part of the study area at well 1N/3E-33ADDA1 (sheet 2).
The sand and gravel aquifer is one of the more important aquifers in the study area; however, lithologic correlation using well records is difficult because of a scarcity of wells drilled in this unit. This aquifer can be divided into two lithologic units: a relatively coarsegrained upper unit and a predominately fine-grained lower unit.
In the western part of the study area, the upper unit consists primarily of fine to medium vitric-lithic sand with minor amounts of gravel. The sand is chiefly vitric material (basaltic glass) with varying percentages of basalt and quartz sand. Minor thin lenses of greenish-blue clay to gray-brown silt and minor clasts of basaltic composition occur throughout. This upper unit is locally indurated, and thickness varies from 50-120 feet.
Toward the eastern part of the study area, the upper unit becomes thicker, more cemented, and consists primarily of basaltic clasts in a sandy matrix. These clasts consist of quartzite-bearing basaltic gravel with minor cobbles. Black vitric sand predominates near the top of the unit, forming lenses in the matrix. At depth, the sand becomes more lithic with varying percentages of quartz and basalt sand and a trace of muscovite. Minor thin lenses of gray-green clay and gray-brown silt occur near the bottom of the unit. Thickness ranges from 120 to greater than 200 feet. Cementation is common in the eastern part of the upper unit of the sand and gravel aquifer. Underlying the Blue Lake area, the upper unit of the sand and gravel aquifer has been partially eroded. The composition of the sand and gravel aquifer in this location changes over a short distance, becoming relatively fine-grained to the east. Based on limited well data, this transition may be interpreted as another type of channel fill or may represent a facies change within the sand and gravel aquifer.
In the study area, the transition between upper and lower units is gradual. In general, fine-grained material is more prevalent at depth within the sand and gravel aquifer. The lower unit is composed of lenses of fine-to coarse-grained sediment, but is predominately finegrained. Light blue-grey sandy to silty clay layers are interbedded with layers of micaceous, quartzitic, and basaltic sand. Sand and gravel of quartzitic and basaltic composition occur in lenses throughout the lower unit, but are not common.
Correlation of basaltic glass (vitric material) in the upper unit of the sand and gravel aquifer in the study area with basaltic glass clasts from outcrops in the lower Columbia River Gorge (Swanson, 1986) suggests that the upper unit is part of the informal upper member of the ancestral Columbia River facies of the Troutdale Formation (Tolan and Beeson, 1984a) . On the basis of similar lithology, the fine-grained lower unit of the sand and gravel aquifer appears to be more closely related to lacustrine sediments of the Sandy River Mudstone.
Confining Unit 2
The sand and gravel aquifer unit is overlain by fine-grained material of confining unit 2 throughout most of the study area. Along the Columbia River floodplain, confining unit 2 ranges from about 0 to 100 feet in thickness. To the south and southeast, confining unit 2 becomes more than 180 feet in thickness (well 1N/3E-31CDCD1). To the southwest, confining unit 2 thins to less than 30 feet in thickness. In the Blue Lake area, confining unit 2 dips more steeply to the west than is observed in the rest of the study area. Here confining unit 2 abruptly thins and disappears beneath the Blue Lake gravel aquifer (sheets 1 and 2). To the west, confining unit 2 dips more gently (less than 2 degrees). South of the floodplain, confining unit 2 dips generally to the south. Few wells penetrate this unit in this area. The top of confining unit 2 appears to be a heavily eroded surface (sheet 2).
Confining unit 2 acts as a leaky confining layer (Willis, 1978) between the upper unit of the sand and gravel aquifer and the overlying Troutdale sandstone aquifer. Greyish-olive clay with minor silt and thin lenses of fine-to medium-grained basaltic sand form the predominant lithology of this unit. A claystone occurs near the bottom of confining unit 2 in most of the study area. Fine-grained sediments of confining unit 2 are interpreted as lacustrine beds, deposited in a closed basin that existed for a short period of time because of local tectonic deformation (Trimble, 1963) .
Troutdale Sandstone Aquifer
Sand, sandstone, and conglomerate that compose the Troutdale sandstone aquifer overlie fine-grained material of confining unit 2. The Troutdale sandstone aquifer averages about 100 feet in thickness in the study area, except where it has been partly or completely eroded. South of the floodplain area, the Troutdale sandstone aquifer dips southwest in the direction of City of Portland exploratory well (1N/2E-29DABD1); at this location the top of the Troutdale sandstone aquifer is at 387 feet below sea level. Approximately 0.5 miles north of this well, another well (1N/2E-21CCCD1) fails to penetrate the top of the Troutdale sandstone aquifer. The bottom-hole altitude is 408 feet below sea level, and it is possible that the Troutdale sandstone aquifer is present at a greater depth.
In the northeastern part of the study area, south of Blue Lake, an exposed ridge of sandstone trends west-northwest and dips about 12 to 14 degrees southwest. This ridge is interpreted to be part of the Troutdale sandstone aquifer on the basis of geochemical and lithologic similarities and stratigraphic relations. The change in dip from less than 2 degrees (west of Blue Lake) to about 12 to 14 degrees (south of Blue Lake) is interpreted as a homoclinal feature (Swanson, 1986) . The Troutdale sandstone aquifer crops out south of Blue Lake and to the south and east of Fairview Lake. Complex structure and extensive erosion in this area make an interpretation of the Troutdale sandstone aquifer thickness and upper surface difficult to describe and map (sheet 3). North of Blue Lake, the Troutdale sandstone aquifer is thought to be completely removed by erosion. Large isolated sandstone blocks are seen at the surface and noted within materials of the Blue Lake gravel aquifer.
The Troutdale sandstone aquifer thins to less than half its average thickness (about 100 feet) in the area of a paleochannel segment in the northwestern part of the study area (sheet 3). Channel erosion does not appear to be a reasonable hypothesis for thinning of the Troutdale sandstone aquifer in this location because confining unit 1, which overlies the Troutdale sandstone aquifer, does not appear to have been completely removed by channel erosion leaving the Troutdale sandstone aquifer intact in this location (sheet 3). The thickness of the Troutdale sandstone aquifer in this location may be the result of numerous variables such as minor faulting or perhaps deposition on an extensively eroded surface (of confining unit 2).
The Troutdale sandstone aquifer is the most lithologically unique hydrogeologic unit in the study area; it consists of two distinct units. Sand, sandstone, and minor thin silty-clay lenses of the upper unit compose two-thirds of the Troutdale sandstone aquifer; a conglomerate, composed chiefly of basaltic gravel, forms the lower unit. At the northwestern edge of the study area, the lower unit of the Troutdale sandstone aquifer gradually becomes composed of a greater percentage of sand versus gravel-sized material.
Sand and sandstone of the upper unit consist mainly of relatively clean, moderate-to well-sorted, angular to sub-rounded black basaltic glass (sideromelane). Local alteration of sideromelane grains to palagonite (Trimble, 1963) has resulted in formation of a cementing agent in the Troutdale sandstone aquifer unit. Thin blue to blue-green silty clay lenses occur in the upper one-half of this unit.
Basaltic glass and clay of the upper unit of the Troutdale sandstone aquifer exhibit a relatively unique signature on natural gamma logs completed for some of wells in the study area. The sequence of basaltic glass-clay-basaltic glass at the top of the Troutdale sandstone aquifer correlates with corresponding low-high-low natural gamma activity. This feature is a positive correlation tool for indicating the top of the Troutdale sandstone aquifer in the study area.
The lower unit of the Troutdale sandstone aquifer consists mainly of quartzite-bearing basalt conglomerate with a silty-to-sandy matrix composed primarily of vitric-lithic material. Minor lenses of vitriclithic sand occur, but are not as common. The cemented gravels of the basalt conglomerate are well rounded and poorly sorted.
The Troutdale sandstone aquifer unit is considered to be part of the upper member of the ancestral Columbia River facies of the Troutdale Formation, based on lithological and geochemical similarity of well cuttings in the study area to outcrop samples in the lower Columbia River Gorge (Swanson, 1986) .
Confining Unit 1
The Troutdale sandstone aquifer unit is overlain by fine-grained sediments of confining unit 1, which is found throughout most of the study area, except where removed by erosion. Estimated thickness ranges from 0 to 150 feet in the study area, averaging about 100 feet west of the Blue Lake area underlying the Columbia River floodplain. The absence of confining unit 1 north and south of Blue Lake possibly is the result of erosion. In the northwestern part of the study area, confining unit 1 has been partially removed by erosion of an ancestral Columbia River as interpreted from well cuttings in that area.
At the site of well 1N/3E-33ADDA1, fine-grained material of confining unit 1 is not described in the geologic log of the well. A coarser-grained unit (indistinct from the unconsolidated gravel/Troutdale gravel aquifer acts as a confining unit between the Troutdale sandstone aquifer and unconsolidated gravel/Troutdale gravel aquifer. At this location, the confining unit 1 is noted on the contour maps as "not present," although it may be present as a coarser-grained facies (sheet 4).
Dark olive-grey to grey-brown sand, silt, and clay are the predominant lithology of confining unit 1. Black vitric sand or sandstone occurs in beds ranging from 5 to 15 feet in thickness. These vitric beds occur near the top of confining unit 1 in the east part of the study area and near the bottom of the unit to the west. Most well logs and geophysical logs in the study area indicate that a clay with relatively high natural gamma activity occurs at the bottom of this unit.
Sediments of confining unit 1 appear to be of lacustrine origin similar to the sediments observed in confining unit 2, probably deposited in a closed basin that existed for a relatively short period of time.
Unconsolidated Gravel/Troutdale Gravel Aquifer
The unconsolidated gravel/Troutdale gravel aquifer overlies confining unit 1 in most of the study area, except where it has been removed by erosion in the northwestern and northeastern parts of the study area. The unconsolidated gravel/Troutdale gravel aquifer consists of gravels of the Troutdale Formation of late Pliocene age and also younger Pleistocene gravels, which are undifferentiated in well-log data. Hogenson and Foxworthy (1965) used several criteria to distinguish Pleistocene gravels from gravels of the Troutdale Formation. Their observations indicated that, in general, unconsolidated Pleistocene gravels overlie cemented gravels of the Troutdale Formation. However, cementation appears to occur in both units in the study area (as noted in well reports and geologic logs) and therefore cannot be used to differentiate them. It has also been observed that Pleistocene gravels are composed mainly of locally derived basaltic clasts, while Troutdale gravels have been noted to consist of as much as 30 percent foreign clasts such as quartzite or granitic rocks (Trimble, 1963; Cole, 1982) . In drillers' reports, clast composition is rarely recorded. Therefore, for the purposes of this study, these Pleistocene gravels are informally included in the unconsolidated gravel/Troutdale gravel aquifer.
The unconsolidated gravel/Troutdale gravel aquifer ranges in thickness from about 0 to 580 feet, gradually increasing in thickness from east to west in the area of the well field. The unconsolidated gravel/Troutdale gravel aquifer consists mainly of Troutdale gravels in the well field area; the unit strikes generally east to west. Elsewhere its thickness increases to the south, where a greater percentage of younger Quaternary terrace gravels and flood deposits are grouped with gravels of the upper part of the Troutdale Formation to form what is termed the unconsolidated gravel/Troutdale gravel aquifer. The upper surface of this unit crops out south of the Columbia River floodplain; therefore, the altitude of the top of the Troutdale gravel aquifer unit is contoured only on the floodplain (sheet 5).
The Troutdale gravels consist mainly of pebbly to cobbly clastsupported conglomerate with a silty to sandy matrix. Sixty to eighty percent of clasts are composed of sub-to well-rounded basalt, with the remainder composed of quartzite and other foreign clasts. The matrix consists of olive-gray to brown sand, silt, and clay. Thin lenses of material similar to the matrix occur intermittently throughout the unit.
Blue Lake Gravel Aquifer
The Blue Lake gravel aquifer consists of coarse channel deposits of the ancestral Columbia River. It forms an aquifer of limited extent north of Blue Lake in the northeastern part of the study area (sheet 6). An aquifer of similar lithology and extent is present beneath the north shore of the Columbia River near Camas-Washougal, Washington (Mundorff, 1964) . The estimated thickness of the Blue Lake gravel aquifer ranges from about 60 to 220 feet in the study area (sheet 6).
The Blue Lake gravel aquifer is composed primarily of boulder-, cobble-and gravel-sized clasts in a minor matrix of clayey to sandy silt. The coarse gravel consists of 60-to 95-percent basalt, with the balance composed of quartzite, granite, and diorite. Minor sandstone cobbles and boulders also are present, along with traces of claystone pebbles and lenses. The unit is clast supported, averaging 80-to 95-percent gravel and 5-to 20-percent matrix. The Blue Lake gravel aquifer becomes siltier with depth.
The southern boundary of this unit is the west-northwest trending sandstone ridge south of Blue Lake. North of the ridge, older hydrogeologic units, including the confining unit 1, Troutdale sandstone aquifer, and part of confining unit 2 and the sand and gravel aquifer, are thought to have been removed by erosion. The stratigraphy of the area is difficult to interpret east of Blue Lake, because of lack of well data. Well data from approximately 2 miles east of Blue Lake have been variously interpreted as representing part of the Sandy River Mudstone and Troutdale Formation (Hogenson and Foxworthy, 1965; Willis, 1978) .
Columbia River Sand Aquifer
The Columbia River sand aquifer fills the lower part of a Pleistocene channel segment of the ancestral Columbia River (McFarland and others, 1982; Willis, 1978; Hoffstetter, 1984) in the northwestern part of the study area. This paleochannel segment has a depth of more than 300 feet (Hoffstetter, 1984) , and erosion has removed part of the unconsolidated gravel/Troutdale gravel aquifer and confining unit 1, as indicated by well data in the study area. More than 250 feet of this channel fill was encountered in well 1N/2E-15BCAC1. This aquifer is of limited extent and follows a general west-northwest trend near the present-day Columbia River (sheet 6).
The Columbia River sand aquifer is composed of gray to gray-brown, fine-grained, commonly quartz-rich basaltic sand that is relatively clean. Traces of silt, siltstone and sandstone fragments, muscovite flakes, wood, shells, and coarse sand and gravel occur throughout the aquifer. The unit generally becomes siltier with depth, but in some drill holes the bottom 10 to 40 feet of the Columbia River sand aquifer contains a coarse sand and gravel layer with minor boulders.
Overbank Deposits
Overbank deposits occur in the study area as the uppermost unit on the Columbia River floodplain. In general, the thickness of these fine-grained deposits is greatest near the modern shoreline of the Columbia River and thins to zero at the southern limit of the floodplain (sheet 6). This unit thickens in the area of the Columbia River sand aquifer in the northwestern part of the study area (sheet 6). Here the sandy silt deposits in the upper part of the paleochannel are unsaturated and are included in the fine-grained alluvial material of the overbank deposits.
Overbank deposits consist primarily of light olive-brown to dusky yellow-brown silty clay and brown to grey-brown fine-grained sandy silt. These deposits are chiefly the result of intermittent flooding of the Columbia River.
SUMMARY
The lithology, thickness, and extent of a hydrogeologic system within sediments of the Portland Basin are described, on the basis of interpretation of geologic logs, natural gamma logs, aquifer test data, and selected driller reports. Eight hydrogeologic units are represented and correlated with geologic units that have been mapped in the region. The thickness and extent of each hydrogeologic unit are the result of river processes and basin development. Understanding the stratigraphy of the system and its relation to the regional geologic setting strengthens the knowledge of how ground water flows through the system.
The eight hydrogeologic units are distinct and can be traced outside the study area. Units that are part of the Troutdale Formation and Sandy River Mudstone include the sand and gravel aquifer, confining unit 2, Troutdale sandstone aquifer, confining unit 1, and part of the unconsolidated gravel/Troutdale gravel aquifer. The remaining units are associated with Quaternary processes of the Columbia River and are referred to as the Blue Lake gravel aquifer, Columbia River sand aquifer, and overbank deposits.
